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ABSTRACT

A nunber of policies have been proposed to raise the fuel
econony profile of the donestic privately owned vehicle fleet,
i ncluding fuel. econony standards and gasoline taxes. Thi s
research estimates two values which are essential inputs for a
conpr ehensi ve benefit-cost assessnent of these policies, the
di scount rate and the value of a statistical life. Using an
original data set describing the vehicle holdings of a randomy
chosen sel ection of households, an hedonic nodel incorporating
life cycle vehicle costs and safety outcones is estinmated. The
estimated nodel generates two inportant neasures enbodied in
househol d aut onobil e stocks, nanely, the inplicit discount rate
and the value of a statistical life. The reveal ed nean
equilibrium real discount rate of 15.7 percent indicates that
consumrer di scounting behavior differs from what econom sts
typically consider efficient choices in that the inplicit rate
exceeds nmarket rates of return. Policy alternatives which
i nfluence individual behavior through vehicle operating costs
may be less effective due to high individual discount rates.
Because fuel econony inprovenents may conme at the expense of
vehicle safety, a conprehensive assessnent of fuel econony
policies nmust value any induced safety changes. The mean
inmplicit value of a statistical life estimated from househol d
aut onobi l e holdings of $2.48 million (in $1988) is consistent

with but sonewhat |ower than values estinmated in the | abor



mar ket . Val uations of a statistical life year are also

present ed.
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Figure 1:

The Hedonic Price Locus
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| nt roducti on and Mbtivati on

The grow ng awareness of the environmental and econom c
costs of inefficient energy use and the strategic security of
energy supplies have driven the United States to exam ne policy
options to curb growh in domestic energy consunption. The
1992 presidential election and the begi nning of the new
adm ni stration have focused even nore attention on donestic
energy consunption. In 1993, the Congress considered the
President's proposed broad-based energy tax, but ultimtely
settled on additional gasoline excises. Aut onoti ve fuel
econony will in all likelihood be addressed by the new
adm nistration after being a nost heated issue in the
presi dential canpaign.

I mproved energy efficiency in the transportation sector
lies at the heart of reducing domestic oil consunption as the
transportati on sector accounts for approximtely two-thirds of
pet rol eum use. By far, the largest fuel consunption share in
the transportation sector is light duty vehicles, conposed of
gasoline and diesel fuel-powered private autonobiles and |ight
trucks. These vehicles account for nearly 60 percent of
transportation sector fuel use. In all, gasoline-powered
privately owned vehicles consune 40 percent of total donestic
petrol eum used and approxi mately nine percent of gross donestic

energy consunmed from nonrenewabl e sources (USDOE 1991).



Envi ronnental concerns, also point to gasoline consunption
as a significant source of health and environnent-threatening
pollutants and as a |arge source of greenhouse gases.

Pol lutants from the conbustion of notor fuels may be
responsi ble for as many as 50,000 to 120,000 annual deaths
according to the American Lung Association (DeLuchi 1990). At
current em ssions levels, the Anerican autonobile fleet
contributes a substantial portion of global em ssions of

gr eenhouse gases. Renewed enphasis on environnental policies
now heard from Washington indicates the |ikely |inkage between
energy conservation policy and environnental mnanagenent.

Aut onotive fuel consunption is one such area where energy and
environmental goals may be pursued in tandem

Two particular policies are nost often raised as
i nstrunents addressing gasoline consunption, gasoline taxes and
the corporate average fuel econony (CAFE) standards. These
policy options follow quite disparate approaches, the forner
operating through gasoline prices while the latter inposes an
efficiency standard on all new vehicles. A nunber of
researchers have exam ned the relative economc efficiency of
the two proposals. Crandall (1992) nmpbst recently sunmarized
studies of the efficiency consequences of the CAFE standards.
He concluded that the fuel econony standards approach is
substantially nore costly- -up to seven to ten tinmes greater--

for achieving an equivalent reduction in gasoline consunption



These concl usions evaluate one inportant aspect of the
pol i ci es. A conmprehensive assessnent in a benefit-cost context
nmust | ook nore broadly at the consequences of each approach
Because the two policies operate through very different
i ncentive nechani snms, substantially different consequences for
consuner behavior could arise.

This study develops enpirical data which nmay be
incorporated in a broader evaluation of alternative nethods to
reduce donestic demand. The enpirical nodel developed in this
research incorporates data on househol ds' autonobile stocks,
the attributes of their autonobiles, and the denographic
characteristics of those househol ds. These neasures are used
to generate enpirical data on two specific topics which should
be incorporated in a conprehensive conparison of gasoline
consunption reduction policies, consuners' tradeoffs between
the cost of car purchase and life cycle considerations reveal ed
by their inplicit discounting behavior and the inplicit value
of a statistical life revealed in their househol d autonobile
hol di ngs.

The remainder of this section reviews the policies which
have been di scussed as nechanisns for reducing donmestic
gasol i ne consunpti on. In section Il, the economc nodel is
devel oped. Section IIl presents the enpirical results and

section |V discusses their consequences for policy.



A Policies Designed to Curb Gasoline Consunption

Net autonotive gasoline consunption is determned by two
interrelated factors, the fuel econony performance of a vehicle
and the nunber of mles which that vehicle is driven. These
two factors are related by a price, the price of driving a
vehicle a given distance, a function of both the price of
gasoline and the fuel econony of the vehicle (ignoring other
consi derations such as depreciation, insurance and allocated
mai nt enance costs). The higher the fuel econony, the lower the
price to operate the vehicle per given distance. A sinple
demand rel ationship suggests that nore fuel efficient vehicles
will be driven nore mles. Simlarly, an individual who drives
a large anmount may be attracted to a nore fuel efficient
vehi cl e.

This fundanmental interrelationship between fuel econony
and mles travelled highlights the two different policy
approaches which may be pursued to curb gasoline consunption
Policies may target mles of travel or the fuel econony of the
vehicle fleet. Ei t her approach may spill over onto the other,
and sonme policies may directly affect both travel and fuel
econony.

The enpirical results generated in this research are
primarily directed at policies which target fleet fuel econony.
Though mles travelled will only occasionally be addressed

here, the policies reviewd below for altering the fuel econony



profile of the vehicle fleet cannot be thoroughly considered
wi t hout exam ning their incentives for driving behavior.
1. The Federal Gasoline Excise Tax

The federal excise tax on gasoline is collected from
consuners at the punp for each gallon of gasoline purchased.
Though a tax, this approach is a second-best neasure because
the tax level is not determ ned by any estimate of social cost.
Currently, a federal excise of 14.1 cents is levied on every
gal lon of gasoline (U S. DOE 1992). An additional 4.3 cents
per gallon will be levied as a result of the dinton budget
bill.

The federal excise is only one tax which affects the
price of gasoline. There are state and |ocal excises, state
severance taxes, wndfall profits taxes, and environmenta
(Superfund) taxes. In all, Viscusi, Mgat, Carlin, and Dreyfus
(1993) estimated that the national average unit gasoline tax
was approximately 23 cents per gallon in 1986, accounting for
25 percent of the retail price. They further estimated that
the optinmal additional tax to restore full social cost pricing
was approximately 28 cents in 1986, but could be as high as

$1.07 in the upper bound.'

'These optimal tax estimates incorporate air pollution externalities
only. Gasoline-related pollution at points other than the tailpipe (e.g.
drilling, refining and disposal sites) was not incorporated nor were the

potential burdens of the gasoline share of global warming nor energy security
externalities.



Gasoline taxes affect fuel consunption through two
di stinct routes. The inmedi ate effect is through the cost of
operating a vehicle for each mle travelled. H gher gasoline
t axes discourage driving by raising the unit price. | ndi vi dual
trips may be conbined or elimnated. More drivers may switch
to carpools, nmass transit, or other alternatives. In the
longer term transit system devel opnment nmay change due to the
changes in driving demand patterns. Sonme of these results wll
be inmediate while others will be adopted over tine.

Fl eet fuel econony is the second route through which
gasoline taxes alter fuel consunption. Taxes raise life cycle
vehicle operating costs which nmay encourage consuners to
purchase nore fuel efficient vehicles. Changes in fleet fue
econony performance will only occur over tine as newer, nore
fuel efficient vehicles are introduced and ol der, |ess
efficient vehicles retired from service. Owning a fuel
efficient vehicle in turn, lowers the price of driving.
Enhanced fuel efficiency may lead to a greater gasoline
consunption "rebound." Unlike the direct effect of the
increase in the cost of driving, fleet fuel econony changes--
and any associ ated fuel consunption rebound--will only occur
over tine as drivers replace their older, less fuel efficient
vehicles with newer, nore fuel efficient vehicles. Hi gher
costs of operation nmay, however, accelerate turn over in the

vehicle fl eet.



Much as the gasoline tax alters gasoline consunption
through two routes, mles driven and fleet fuel econony, the
safety consequences of the tax occur through two routes. Aas
drivers travel fewer mles in their cars either by driving |ess
or switching transit nodes, the opportunities for accident and
injury are reduced. But if as a result of the |long-run
consequences of the higher price, consuners purchase nore fuel
efficient vehicles which are less safe, the tax may indirectly
increase the rate and/or adverse consequences of accidents.

The relationship between higher fuel efficiency and decreased

safety is well established (see for exanple Evans 1984 and

Crandal |l & Graham 1989). Saf ety consequences shoul d be

incorporated in a conprehensive evaluation of these policies.
2. The Corporate Average Fuel Econony Standard

The corporate average fuel econony standards (CAFE)' set
an average fleet fuel econony standard which nust be net by
each autonobile manufacturer, currently at 27.5 mles per
gallon (npg) for passenger cars and 20.5 npg for light trucks.’
The fleet standard nust be net separately by both the

manufacturer's donestic and inport fleets. M| eage credits for

!Established in the Motor Vehicle Information and Cost Savings Act, 15
U.S.C. 1901, amended by the Energy Policy and Conservation Act of 1975 and The
Alternative Motor Fuels Act of 1988.

3Calculated as the harmonic average of each vehicle in a manufacturer’s
fleet. For General Motors (GM), for example, the harmonic average of fuel
economy of all domestic passenger cars, including all Buicks, Oldsmobiles,
Chevrolets, Pontiacs, and Cadillacs must meet 27.5 mpg to achieve compliance.
The harmonic average of all of GM’'s imported passenger cars must also meet the
27.5 mpg standard.



exceeding the standard may be carried forward or back for three
years. Failure to nmeet the fleet performance standard results
in a fine of five dollars for every one-tenth of a mle per
gall on below the standard for every auto in the nonconplying
manuf acturer's fleet.

Since 1978, the first year in which manufacturers were
required to neet CAFE standards, fleet fuel econony has grown
40 percent from approximately 20 npg to over 28 npg in 1991
(USDOT various years). Although the fuel econony achieved by
the new car fleet inproved substantially, total gasoline
consunption fell only 2.5 percent by 1987 as the total nunber
of mles travelled in the US. rose from11.1 trillion to 1.4
trillion by 1988 (USDOT 1990) .*

Unli ke the gasoline tax, fuel econony standards have no
direct influence on the cost of driving an existing vehicle.

The standards will only alter fleet fuel econony performance
over an extended time period. New vehicles would be required
to conply with the standard after a phase-in period for vehicle
redesi gn and production retooling, typically assuned to be at

| east four years. Over tine, the fleet would becone nore

‘several authors have investigated whether improvements in fleet fuel
economy were due to imposition of the CAFE standards or other causes. Both
Crandall, Gruenspecht, Keeler, & Lave (1986), and Greene (1990) examined
improvements in fuel economy of the domestic fleet during the 1970’'s and
1980's. Their studies suggest that market conditions led to fuel economy
improvements during periods of rising gasoline prices, but at other times,
only regulatory standards maintained fuel economy improvements. If this
pattern of fuel economy changes continues, then current market conditions
suggest that additional fuel economy improvements may not be achieved without
further market intervention.



efficient at new nodels are introduced each year and existing
vehi cl es are scrapped.

The CAFE standards create two indirect incentives which
could partially offset some of the fuel efficiency gains of the
requirenents. Because vehicles would be nore fuel efficient,
they may be driven nore mles due to the lower unit cost of
driving. This result would be different than a tax-induced
change in fleet fuel econony because the higher tax rate would
simul taneously raise the price of driving while encouraging a
nore efficient fleet (lowering the cost of driving). In ot her
words, wth standards there would be no offsetting increase in
the price of gas discouraging rebound driving. A second
offsetting incentive could be created if the standards raise
new vehi cle prices. If new cars are nore expensive, then
consurmers nmay hold their existing, less fuel efficient vehicles
| onger.

Unli ke the gasoline tax, fuel econony standards have no
direct effect on risk. Autonobile safety is only altered
indirectly over time through changes in fleet fuel performance.
As new vehicles are designed to achieve greater fuel econony,
safety may suffer. For every mile driven in such a vehicle,
the risk of accident and/or the consequences of an accident
woul d be hi gher. In one analysis of this scenario, Crandal

and G aham (1989) estimated that =he nortality rate associated



with the 1989 vehicle fleet would be from 14 to 27 percent
greater than in the absence of the CAFE standards.
3. Other Policies t0 Reduce Gasoline Consunption

The gas guzzler tax® inposes a penalty on manufacturers
of autonobiles that fall below a mninmum | evel of fuel econony,
currently set at 22.5 npg, with the tax rising the further fue
econony falls below 22.5 npg. In recent nodel years, vehicles
qualifying for the gas guzzler tax included primrily |uxury
nodel s such as the Mercedes 300 series, the Cadillac Brougham
and the BMW 535i.%° Total gas guzzler tax receipts in 1991
reached $118.4 million (MVMA 1992).

Thi s approach creates an incentive to inprove fue
econony in the least efficient segnent of the private vehicle
market by raising vehicle price. At a higher price, fewer
vehicles in this class should be sold. If however, demand for
such luxury vehicles is highly inelastic, then the gas guzzler
tax may have little, if any, influence on fleet fuel econony.
If on the other hand, buyers shy away from vehicles subject to
the gas guzzler tax, then manufacturers wll have a strong
incentive to address fuel econony of their gas guzzling
vehi cl es. Consuners considering new vehicles in this |east

efficient market segnment may be induced to hold their existing

526 U.S.C. 4064.

‘ror the 1988 model year, the tax fcr a Mercedes 300 was 650 dollars, and
for the BMW 535i, from 500 to 850 dollars depending upon the transmission t.ge
(Ward’'s Automotive 1988).
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vehicles longer if they find the higher prices of gas guzzlers

bur densone. Increased risk to consuners could result if nore
fuel efficient, less safe vehicles are substituted for gas
guzzl ers.

A policy option which is being discussed in California
but not yet inplenented is the so-called "feebate" proposa
(California Energy Conm ssion 1992, DeCicco, Celler & Morril
1992). Feebates woul d inpose a schedule of fees and rebates on
new car buyers. Those purchasing cars with fuel econony above
a designated |level would receive a rebate, while buyers of cars
with fuel econony bel ow the designated anount woul d pay an
additional fee, nuch |ike the gas guzzler tax. The fees
(rebates) would be designed to rise as fuel econony fell
further below (above) the designated |evel. The entire system
could be inplemented as a revenue generating or revenue neutra
program Again, if consunmers shift to nore efficient, |ess
safe vehicles, increased risk could result.

Bounty prograns, also called car crushing, and cash-for-
clunkers are designed to reduce domestic gasoline consunption
by removing older, less fuel efficient vehicles fromthe road.
Cash-for-clunker prograns have already been inplenented in a
limted fashion where car crushing is being used by
manuf acturers and utilities as an offset for new em ssions (La

Ganga 1993).

11



Bounty prograns address only the nost fuel inefficient
vehi cl es. If these vehicles would not soon be retired in the
absence of such a program then paying bounties nmay achieve
significant fuel savings. If these vehicles would be scrapped
anyway, then the progranms may have little if any fuel savings.
Typi cally cash-for-clunker prograns designed to save fuel are
considered in conjunction with other prograns rather than as
stand al one proposals.

The safety consequences of such a program are uncertain.
If autonobiles are elimnated without substitution by a new
vehicle, then safety may inprove. Just as the nane indicates,
clunkers nmay often be inherently unsafe, so substitution with a
nore fuel efficient vehicle may reduce risk.

Conpari sons between any or all of these policy approaches
should be made in a conprehensive benefit-cost environment.

This research estinmates two neasures which are inportant inputs
for any such anal ysis. Knowi ng the consuners' discount rate is
i mportant for wunderstanding how consumers incorporate life
cycle risks and life cycle vehicle operating costs into their
vehicle holdings. This is especially inportant for conparing
excise taxes with fuel econony standards because standards push
car buyers to nore efficient vehicles through narketpl ace
control s--which operate over tine--while taxes affect fleet

fuel econony by creating an imediate incentive based on life

cycle costs. The discount rate is a key conponent for

12



determ ning whether price incentives can achieve the sane
mar ket pl ace out conmes as standards.

Any of these policy approaches may have safety
i mplications because different segnents of the vehicle market,
while having different levels of achieved fuel econony, have
different safety levels as well. By altering the fuel econony
of the fleet, and presunably altering either the size or
conposi tion of those vehicles, safety will be affected. Each
policy should be evaluated in terns of its safety inplications.
Incorporating these inplications in a benefit-cost environnent
requires placing sone nonetary value on safety changes. The
nost appropriate source for those values are from the vehicle
hol di ngs of households, directly reflecting consuner
willingness-to-pay for safety as enbodied in their vehicles.

These two issues are the subject of the follow ng sections.

13



[, An Autonpbile Attribute-Based Approach to Eval uate Fue
Economy Improvements

In the analysis that follows, an hedonic approach is used
to evaluate changes in fuel econony from the progranms described
above. Thi s approach recognizes that when buying an
autonobile, a consumer is buying a bundle of underlying
attributes all tied together in the vehicle. | ndi vi dua
attributes are valued by the consumer, either explicitly or

inplicitly, and different vehicle- bundles reflect tradeoffs

anong the attributes based on these val ues. Results fromthis
nodel will be used to estimate the real discount rate and the
underlying value of a statistical life reflected in househol ds'

hol di ngs of autonobil es.

A The Hedonic Attribute-Based Approach

The underlying econom c theory of hedonic analysis was
first formalized by Rosen (1974), though hedonic techniques had
been used as an enpirical nethod for many years before his work
(e.g. Court 1939, Giliches 1961). Fol | owi ng Rosen's approach
the equilibrium vehicle price locus depicted in Figure 1,
P(auto), is determned by the sinultaneous demand and supply
deci sions of consunmers and producers over the collection of
attributes enbodied in a vehicle. Consuners' and producers

attribute choices are represented by their placenent along the

i4



Figure 1: The Hedonic Price Locus

Vehicle
Price

Altribute «x



price |ocus. Each choice decision represents that individual's
or firms tradeoff between vehicle price and the level of the
attribute. In the figure, U and U, represent the preferences
of ccnsumers one and two. Simlarly, 0, and 0, represent
producers' offerings. Consuners choose the anount of each
attribute desired along the price locus, receiving conpensation
for their chosen attribute level in terns of vehicle price or
sonme other attribute. The equilibrium marginal value of an
attribute is deternm ned when a consunmer and a producer choose
the sanme anount of attribute k along the price locus, as in
poi nt E. Using an enpirical approach, the inplicit nargina
val ues assigned to these attributes at points |like E can be
reveal ed, and the rates of trade, or conpensation, between
attributes identified.

B. An Empirical Mddel Based on Autonobile Attributes

A differentiated good nay be represented by the bundl e of
characteristics enmbodied in that good. For an autonobile,
t hese characteristics, designated below by each A, nmay include
such itens as the fuel econony of the vehicle, its |evel of

safety, the nunmber of seats, and so on,
auto = (A4,, 4,, 4,...4,.).

In a conpetitive equilibrium the price of the good is a
function of the inplicit prices of the bundle of attributes

maki ng up the autonobile,

16



Plaueey = P(A,, A,, A;.. .4 .

This relationship, P(auto), defines the hedonic'price function,
the equilibrium locus of vehicle prices resulting from the

mar ket interactions of producers and consuners for different
bundl es of vehicle characteristics.

Once the enpirical estimation of the equilibrium hedonic
price locus is conpleted, determination of inplicit marginal
attribute prices is straight-forward. Each inplicit marginal
price is sinply derived as the partial derivative of the
equi l i brium hedonic price locus with respect to the attribute

of interest, A, or

ap
p (A =—aéa:t°' =P, (&), A, .. -An) .

This value, the change in autonobile price associated with an
additional unit of an attribute, reveals consuners' marginal
willingness-to-pay for an additional unit of that attribute as

enbodied in the auto bundle. The sane value simultaneously

reveals the firms marginal cost of providing another unit of

the attribute.

Simlarly, the marginal wllingness-to-trade between two
different attributes can be determ ned by appropriately
conparing the inplicit marginal prices of the two attributes.
If the equilibrium hedonic price locus is a linear function,

then each marginal inmplicit price will be constant for any

| evel of the attribute. However, if the locus is nonlinear,

17



then inplicit prices will vary with the magnitude of the
attribute. The uni que preferences of each heterogeneous
consuner determ ne the consumer's unique marginal valuation of
an attribute. For exanple, in Figure 1, if attribute K is
vehicle safety, then for consumer two, choosing a very safe

car, an additional safety inprovement may yield little extra
value, but for a less safe vehicle, consunmer one may be willing
to pay a larger anobunt for an additional safety increnent.

In the enpirical estimates that follow data drawn from
househol d vehicle holdings are used to estinate vehicle price
as a function of a collection of attributes, including, vehicle
safety, fuel econony, power/acceleration, maintenance rating,
durability, size, age, and inport/export status. The reduced

form of the' estimation equation is

Pauto) i = ; Brlik + €1

where the price of auto i is a function of the k vehicle
attributes and other unneasured attributes represented by the
error terme

C.  Au Hedonic Mdel -Based Life Cycle Approach

In several recent papers, More and Viscusi denonstrate a
met hod of introducing life cycle neasures into an hedonic | abor
mar ket context (Mdore & Viscusi 1988, 1990a, 1990b, Viscusi &
Moore 1989). The life cycle measures contain an inplicit

di scount factor which is one output of the nobdel's enpirica

18



estimation. Their nodel explicitly incorporates the
observation that each individual has an uncertain nunber of
life years remaining. A related approach will be used in this
anal ysis to determine consunmers' discount rates for operating
costs given an uncertain remaining vehicle life. Simlarly, an
analysis is performed to determne the discount rate for safety
where the vehicle owner faces an uncertain nunber of remaining
life years.

Data on the age distribution of the vehicle fleet is used
to determ ne each vehicle's expected renaining useful life, T;.
Gven the expected vehicle life, the present discounted value
of operating costs (PDVOC) can be calculated as the discounted
sum of operating costs in each year of the vehicle' s remaining

life,

PDVOC, = (1 + e ™ + e « ., + ¢ ""V")OPERATING COST,

whi ch can be solved to yield,

- T
PDVOC; = i—lfi_l_opsRATING COST;

1

where r, is the inplicit discount rate. The inplicit discount
rate of any individual will reflect the individual's rate of
time preference and any prema for liquidity, risk, and
uncertainty. The expected remaining life of the vehicle is
deternmined from historic data on the age distribution of the

vehicle f| eet.

13



A simlar approach is used to weight the present
di scounted value of the vehicle owner's additional life years
by the nortality risk of each vehicle. Using estimates from
life expectancy tables incorporating the age, gender, and race
of vehicle owners, the expected remaining life of each vehicle
owner is determined as of the end of 1988 (USDHHS 1991). Thi s
approach ignores any bequest value of the vehicle. The

i ndividual's discounted remaining life years are calculated as

1 - e lm
rZ

Discounted Remaining Life Years. =

where L; is the expected remaining life of the jth individua
and r, is the discount rate over additional |ife years. Not e
that the discount rate on operating costs and the discount rate
over remaining life years may or may not be the sane val ue.

The discounted remaining life years of each individual j
is weighted by the probability of a fatal accident in vehicle 1
to determne the expected life years of individual j lost as a

result of owning vehicle i.
Exp. Life Yrs Lost:ij=Pr(l’at:alit:y)-l * Disc. Remaining Life Yrsy.

Moore and Viscusi called this value the quantity-adjusted life
years for each individual

The revised formulations for the life cycle variables are
substituted into the hedonic fornulation for the operating cost
and safety attributes. (For varrable definitions, see the

foll owi ng sections.) The discount rates, r, and r,, enter the



price equation in a nonlinear form requiring that the nodel be
solved by a nonlinear optimzation nethod.

Gven the alterations incorporating life cycle concerns
in the operating cost and safety variables, the equilibrium
hedonic price locus can now be specified as

P(uuto)i= ﬂo + Z pm

m

1 - el
I

RI src,,,i}

+ zk:pkAki + ey,

1-enn
+ Y B +—7— OPERATING COST,,
n

where m is an index over safety variables,n is an index over
operating cost variables, and K is an index over other non-life
cycle attributes. This life cycle specification of the hedonic
price locus will be enpirically estimated in section III.

In the economc literature using hedonic nethods to
exam ne enpirical data from goods markets |ike housing and
aut onobi l es, a nunber of nmethodol ogical issues arise
repeat edly. Sone issues arise in all applications of hedonic
model s, for exanple, nodel specification, mnulticollinearity,
functional form and the use of proxies for unobservabl e
variables. Qher issues are unique to autonobile markets. The
treatment of these issues in prior research and the rel evance
to the fornulation of this nodel are reviewed in the follow ng

secti ons.



D. Lessons from Prior Hedonic Autonobile Studies

There is a long history of autonobile market data used in
hedoni ¢ applications beginning with Court (1939). H's nodel
was originally developed to nore accurately estinmate autonobile
price indices. Since he first utilized such nodels, numerous
aut hors have discussed refinenents in the econometric nodels
used to derive price indices (e.g. Triplett 1969, 1986,
Giliches 1961, Onta & Giliches 1976, and Cowling & Cubbin
1972 for the British auto market). These nodels are rel evant
in the present context for their |lessons related to node
speci fication.

A second set of studies have used hedonic nodels of the
autonobile market to estimate wllingness-to-pay neasures for
autonmobile attributes, including fuel econony, and in one case
for vehicle safety (CGoodnan 1983, Hogarty 1975, Atkinson &
Halvorsen 1984, 1990, OChta & Giliches 1986). In many of these
efforts, the sign and significance of the wllingness-to-pay
paraneter for fuel econony were not as predicted based on
expectati ons about consuner responses to econom c incentives.
Incorporating the |essons drawn from these studies and using a
new data set yields the estimates presented bel ow, though, sone
guestions as to the validity of the wllingness-to-pay for fue

econony i nprovenents renain.
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E.  Overview of the Enpirical Data Set

The data used in the estimates which follow provide a
particul ar advantage over the studies cited above in that these
data reflect actual consumer autonobile holdings; hence, they
enbody real marketplace tradeoffs between attributes made by
i ndi vi dual consuners. The data sets used in previous studies
were developed from listings of manufacturers' offerings or
used car source books. No actual consuner choices were
reflected in these data sets.

This study incorporates the actual vehicle holdings of
respondents to the 1988 Residential Transportation Energy
Consunption Survey (RTECS) conducted by the U S. Departnent of
Energy (DOE) .7 In 1988, DOE collected transportation-related
energy data from a cross-section of 2,986 sanpled househol ds.
The survey included questions on vehicle holdings, usage,
vehicle characteristics, and the socioeconom c status of the
respondents. Additional vehicle attribute data have been
collected fromindustry sources to supplenent the RTECS dat a.

A detailed description of the RTECS data set, the RTECS data

el ements, and the data collected by the author are contained in
the appendix. A brief description of the variables used in the
enpirical estimates is provided in Table 1, and selected

summary statistics are presented in Tables 2 and 3.

'rer a description of the survey, see U.S. DOE, 1990.
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Table 1: Variable Descriptions

Price: Vehicle price as of end of year 1988. New price for model year
1988 vehicles, used car market prices for older cars.

Mortality Rate: Number of fatalities occurring in that make/model/year
vehicle divided by number of vehicles on the road.

Injury Rating: Vehicle injury rating measured relative to the rating
for the median vehicle. Median rating equals one hundred, and lower
values are safer cars.

Operating Cost: Vehicle operating costs measured in dollars of fuel
expenditure per year. Calculated as gas price divided by miles per

gallon times average miles travelled.

Operating Cost : Weight: Vehicle operating cost per unit of wvehicle
weight.

Power: The horxrsepower to weight ratio as a measure of vehicle
power/acceleration.

Cargo Capacity: Vehicle cargo space in cubic feet.
Maintenance Rating: A discrete variable coded as one if the Consumer
Reports maintenance rating is two or higher, and coded as zero if the

maintenance rating is below two.

Luxury-Sport: A discrete variable coded as one if the vehicle is
classified as a luxury or sport vehicle.

Automatic Transmission: A discrete variable coded as one if the
vehicle has an automatic transmission.

Twoseat: A discrete variable coded as one if the vehicle is a two seat
model.

Convertible: A discrete variable coded as one for convertibles.
Wagon: A discrete variable coded as one for station wagons.

Diesel: A discrete variable coded as one for diesel models.




Table 1: Variable Descriptions (continued)

AMC, Ford, GM, Chrysler, Germany, Japan, Other: Discrete variables
coded as one for the manufacturer of domestic vehicles and for foreign
vehicles, coded as one for the nation of origin.

YearXX: Discrete variables coded as one for the vehicle model year.
SizeX: Discrete variables coded as one for the appropriate size
category. Four size categories are included, from Sizel, smallest, to

Size4, largest.

Resale Value Retained: The percentage of original sales value
retained, as of end of year 1988.
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Tabl e 2: Means*, Standard Deviations, and Anticipated
Signs of Selected Variables with Respect to Price

VARI ABLE MEAN STANDARD ANTICIPATED
DEVIATION SIGN
|- —.
Mortality  Rate 0.1962 0.0957 (-}
(x 1000)
Injury Rating 100.93 23.61 (-)
Operating Cost 562.65 144.08 (-)
Power 0.04 0.01 (+)
Cargo Capacity 15.18 5.57 (+)
Weight 2724.65 568.20 (=)
Maintenance Rating 0.91 0.28 (+)
Luxury-Sport 0.18 0.39 (+)
Automatic Trans. 0.76 0.43 (+)
Two Seat 0.02 0.14 (?)
Wagorn 0.03 0.16 (?)
Convertible 0.01 0.06 (?)
Diesel 0.01 0.10 (?)
Resale Valuet 57.59 16.77 (+)

‘ —— — = T ~
¥ Means welghted by RTECS populatlon sampling statistics.

+ Excluding 1988 nodel year new cars.



Tabl e 3: Mean* Val ues of Selected Attributes
By Market Segnent

MARKET NUMBER MORT. INJURY OPERATING CARGO WEIGHT
SEGMENT OF RISK RATING CoST SPACE

OBS. (x1000) ($/YRAR) (££3)
BASE DATA 1,775 0.193 100.6 545.1 15.2 2723
seT*
SIZEl 489 0.210 120.9 420.2 12.8 2077
SIZE2 422 0.208 106.7 507.7 14.5 2446
SIZE3 525 0.198 94.9 597.7 15.5 2946
SIZE4 339 0.144 74.1 680.9 19.0 3602
1988 NEW 257 0.218 103.4 690.6 15.0 2737
MODELS

Means wei ghted by RIECS population sanpling statistics.

+ Excluding 1988 nodel year new cars.
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Because the data set contains infornmation on the actual
hol di ngs of households, it is hoped that the wllingness-to-pay
values; for fuel econony will be nore reliable. Each vehicle
represents the actual tradeoffs anong attributes nade by sone
consuner in the nmarketpl ace. A wider selection of alternative
vehicle nodels are included in this data set because nmany
nodel s are avail able equipped with a variety of optional engine
types; hence, a nanmed nodel may appear repeatedly in this data
set with different attributes. Most previous studies included
only one observation for a standardized version of each vehicle
nmodel .

Anot her uni que aspect of this study is that the data
reflect actual autonobile holdings at a specific point in tine,
provi ding a snapshot of consuner behavi or. Each vehicle's
market price wll reflect the opportunity cost of owning that
speci fic vehicle. The inplicit attribute values derived from
househol ds' vehicle holdings will provide insight into the
tradeoffs in their vehicle stock, rather than just for new car
pur chases. Hence policies which may affect a househol d' s
vehicle stock as well as their new car choices can be exam ned.

F. Mddel Specification

Previ ous researchers have discovered that nodel
specification is the greatest difficulty associated wth
hedoni ¢ aut onobi | e nodel s. Closely linked to nodel

specification is the difficulty of nmulticollinearity anong



expl anatory vari abl es. Underspecification will lead to biased
regression coefficients, but as additional explanatory
attributes are added to the nodel to inprove its specification
a higher likelihood of multicollinearity may occur. Because
several vehicle attributes are closely related linearly, for
exanple, different vehicle size paraneters, adding nore
variables may create nulticollinearity. Wth collinear

expl anatory variables, the significance of the estinated
coefficients may be reduced, but perhaps nore inportant, the
coefficients may becone difficult to interpret. Sever a

aut hors have reported coefficient instability related to

mul ticollinearity.

A particular difficulty is introduced in the autonobile
mar ket because of the relationship of vehicle weight to other
attributes of interest. In his early study, Court recognized
that "car weight per se is undesirable and in a conplete
anal ysis would have a negative net regression."®

Vehicle weight is an inportant vehicle design
characteristic because of its physical contribution to severa
different aspects of vehicle performance. Holding all else
equal, heavier cars are typically safer for occupants of those
cars in the event of an accident. Simlarly, a heavier vehicle

wi I | have higher operating costs per mle travel ed.

Scourt. op.cit. p. 113.



Because vehicles ' can be considered a bundl e of
attributes, all other factors are not held equal in a vehicle.
Vehicle characteristics that alter weight may affect severa
different attributes of interest, and weight is only one design
characteristic determning outcones |ike safety and operating
cost. Changes in other design features while hol ding weight
constant, may alter safety or fuel econony. Though correl ated
with safety and fuel econony, weight is an inperfect proxy for
t hese attri butes.

Triplett (1969) paid particular attention to vehicle
wei ght because of the correlation between weight and other
attributes and because weight served as a proxy for other
variables in his nodel. He used a sal es-weighted collection of
autos from 1960 through 1965 in a regression of price on
vehicle weight and two dummy variables, a proxy for prestige
vehicles, and a dunmy variable for conpact cars. He found that
greater than 90 percent of price variability could be
expl ai ned."’ His nore fully specified nodel added no further
expl anatory power.

"While Triplett observed that weight is not a desirable
attribute of a vehicle, he incorporated weight in his node
specification as a proxy for other characteristics. In the
truncated nodel, he speculated that weight could have

represented a nunber of desirable vehicle characteristics, such

°In test regressions using 1988 new cars, a regression of vehicle weight
alone on vehicle price has an adjusted R-square equal to approximately 0.65.
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as the size or capacity of the vehicle, its durability, or its
i nsul ati on agai nst sound or vibration

Giliches (1961) raised another difficulty associated
wi th these nodels, especially those including weight as an
expl anatory vari abl e. He noted that the correlation
coefficients between several of his right-hand-side variabl es,
i ncluding weight, length, and horsepower, fell in the range
between 0.73 and 0.92. Such highly correl ated explanatory
variables led to coefficient instability across severa
different nodel specifications. When such high correlation is
evident, he stressed that attributes should be included only if
sonme i ndependent variation anong the variables could be shown
and if the nunber of observations was |arge.

Model s incorporating vehicle weight as an attribute
variable face another difficulty raised by Triplett, use of
proxy variables for unneasured attributes. Triplett (1986)
used weight as a neasure of size and durability, but he pointed
out that proxy variables nust satisfy two criteria if they are
to be meani ngful. They nust closely represent the unmeasured
characteristic of interest, and the relationship between the
proxy variable and the true characteristic nust be stable over
tinme. He also pointed out that the researcher can never be
sure if shifts in this relationship do occur

Following the | essons of these prior studies, the node

below is specified as conpletely as possible while attenpting
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to reduce the degree of collinearity anong the attributes of
interest. The explanatory variables included in the nodel have
been chosen based on their relevance to consumers' decision-
maki ng. Weight is not included as a stand alone attribute, but
is entered as an interaction term where appropriate. When t he
data allow, explicit attribute neasures are used rather than
proxy vari abl es.

Safety, fuel econony, power, reliability, and durability
are the nost inportant attribute variables proposed to explain
consurmer hol dings. After reviewing the econonmics literature
related to vehicle choice and the avail able marketing
information, these are the attributes deened by the author as
nost inportant for consumer decision-mnmaking. Ot her inportant
variabl es include physical characteristics, vehicle size,
manuf acturer/nation of origin, and vehicle age. In nost prior
studies, a measure of vehicle safety has been an i nportant
m ssing element.!® Several studies incorporated vehicle weight
as a proxy for safety, raising the conplications outlined
above.

The nost inportant potentially mssing variable in this
nodel is a neasure of vehicle styling. Hof fer and Reilly
(1984) found that styling and styling changes were inportant

factors underlying autonobile denand. Wil e several other

"Only Atkinson and Halvorsen (1990) include a measure of vehicle safety.
Fuel economy is not included in their model as an explanatory variable,
precluding an examination of the tradeoffs between fuel economy and safety.
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vari abl es which enbody el enments of vehicle styling are
i ncl uded, such as dunmy variables for luxury and sport vehicles
and vehicle size categories, no true neasure of the val ue of
styling will be generated.

Anot her variable commonly included in simlar nodels but
not incorporated here is vehicle handling. The only avail abl e
neasure of handling, the turning radius, proved to be too
highly correlated with other characteristics to nerit
i ncl usi on. QG her attributes which have been used in hedonic
autonobi l e studies include slalomtinme as a neasure of vehicle
handling, noise and vibration insulation, |eg room ease of
entry and exit, interior space, nunber of passengers seated
confortably, braking distance, and a variety of measures of
vehicle size. These neasures are not included here for a
variety of reasons, especially, conprehensive data availability
and nulticollinearity concerns. Sonme degree of specification
bias may be introduced as a result of excluded vari ables.

1. Variabl e Measurenent |ssues

As this research is based upon an original data set, many
data issues arose concerning which variables to include in the
data set, from what sources, and how best to neasure the
vari abl es. A nunber of the nost inportant issues are discussed
bel ow.

Vehicle Transactions Prices: Because the hedonic price

| ocus represents equilibrium transactions prices of different
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attribute bundles, an enpirical analysis should ideally

i ncorporate actual autonobile marketplace transactions prices.
Such transactions prices were not available for newy purchased
vehicles in the data set, so manufacturers' suggested retai
prices are used as an alternative. OChta and Griliches (1986)
have pointed out that these prices are set by manufacturers and
may not reflect market conditions.

In a study conducted using market data from 1974- 1980
nodel year vehicles, Crafton and Hoffer (1981) investigated the
rel ati onship between actual vehicle transactions prices and the
manuf acturers' suggested sal es price. Transactions prices were
found to be related to vehicle inventory |evels, manufacturer
rebates to both dealers and consunmers, and the degree of
advertising by a‘'deal ership. Though these results suggest that
transactions prices in the new auto market respond to narket
conditions, they also denonstrate the limtations of
manuf acturers' suggested retail prices as proxies for new car
sal es prices.

A superior price neasure is available for used vehicles.

Prices for used cars from the _Autonpbil e Red._Baak which

i ncorporates data reported on actual transactions, should nore
accurately mrror market transactions prices.

Vehicle Safetv Measures: Vehicle safety is incorporated

into the nodel with two separate neasures. The first is the

vehicle nortality rate neasured by the ratio of the nunber of
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fatalities occurring in each make/ nodel/year vehicle to the
nunber of those vehicles on the road. Vehicle nortality rates
were cal culated based on information from the U. S. Departnent
of Transportation's Fatal Accident Reporting System (FARS) for
cal endar year 1989. For each make/ nodel /year vehicle, the

nortality rate was cal cul ated as foll ows,.

TOTAL FATALITIES FCR 1989

ALITY RATE = NUMBER MANUFACTURED * ON ROAD FACTOR

where the on-road factor accounts for the difference in the
total nunber of that make/ nodel/year vehicle nanufactured and
the nunber on the road in calendar year 1989. See the appendix
for a nore detail ed discussion.

The second safety neasure is based on the relative nunber
of personal injury clains filed for each vehicle nobde
normal i zed by the total insurance exposure witten by insurance
firms for that nodel. This nmeasure can be |oosely interpreted
to represent the likelihood of injury resulting froma given
accident in a specific vehicle. See the appendix for a nore
conpl ete description of the variable. The sign on the
coefficients of the two risk variables should be negative, as
| ess safe cars (higher value of the variables in each case) are
expected to have |lower prices when holding all other attributes
const ant .

By using two neasures of risk, it is intended that one

will provide willingness-to-pay values for avoidance of fatal
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risks, while the other provides estinmates for nonfata

injuries. The two variables may however introduce sone doubl e-
counting as sone of the personal injury clains conpiled in the
second safety neasure may include clains associated with
vehicle fatalities. Regression results will therefore be
presented for nodels with only the nortality rate included as
well as nodels with both variabl es.

It is anticipated that dropping injury from the
formul ati on should raise the influence of nortality on vehicle
price because the nortality variable will pick up sone of the
i nfluence of the injury rating. I f double-counting is a severe
problem in the measurenment of the two variables, the influence
of both could be attenuated. When elimnating the doubl e-
counting in the regression with nortality alone, the influence
of nmortality on price would be greater as well.

Sinmply measuring vehicle nortality risk by the nortality
rate of each vehicle is likely to result in biased regression
coefficients. How safe any vehicle is depends upon the design
and materials incorporated in the vehicle. Vehicle accident
rates, however, also depend upon how safely the vehicle is
driven. Hence neasures of nortality risk are a conposite of
vehicle and driver characteristics. Vehicle and driver
characteristics may not be independent because certain vehicles
are nore likely to be owned by those with particul ar

denographic characteristics (e.g. households with children may
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own safer vehicles), and because as Peltzman (1975) first
recogni zed, driving behavior may respond to vehicle safety
characteristics. Safer cars nmay be driven "more intensively,"
that is faster and nore recklessly because inproved safety
lowers the price (i.e. the likelihood/severity) of injury
associated with driving intensity.

An ideal risk neasure would relate fatalities strictly to
the structural characteristics of each vehicle exclusive of
driver characteristics. O course, no such conprehensive
neasure exists. To account partially for the joint
determ nation of nortality risk due to both autonobile and
driver characteristics in the FARS data set, a nunber of
variables are included in the nmodel which account for
nonvehi cl e-specific deternminants of nortality risk. This
approach is simlar to that of Atkinson and Hal vorsen who al so
used nortality data derived from the FARS data base (Atkinson &
Hal vor sen 1990). These vari abl es neasure the proportion of
fatalities in each nake/ nodel /year vehicle for which the
specific characteristic applies. The variables are listed in
Tabl e 4. They include the proportion of young drivers and that
of older drivers, proportion of accidents occurring late at

night, proportion of one car accidents, proportion of
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Table 4: Definitions of Driver Behavioral Variables

Young Driver: Proportion of fatalities in this make/model/year vehicle
in which the driver was younger than twenty-five years.

Older Driver: Proportion of fatalities in this make/model/year vehicle
in which the driver was forty-five years or older.

Late Night: Proportion of fatalities in this make/model/year wvehicle
which occurred between the hours of midnight and six in the morning.

One Car Accident: Proportion of fatalities in this make/model/year
vehicle in which only one vehicle was involved.

Seat Belts: Proportion of fatalities in this make/model/year vehicle
in which the driver was wearing a seat belt.

Alcohol Involvement: Proportion of fatalities in this make/model/year
vehicle in which the on-scene police officer reported alcohol
involvement.

Male Driver: Proportion of fatalities in this make/model/year vehicle
in which the driver was male.

i8



al cohol -rel ated accidents, proportion of drivers wearing seat
b e | targd ;the proportion of nmale drivers." These variabl es
were chosen because they enconpass many of the inportant risk
factors for vehicle accidents, I|ike driving experience and

al cohol involvenent, and because they incorporate neasures of
ri sk-rel ated behavior, such as whether drivers wear seat belts.

Vehi cl e Ooerating Cost: The fuel efficiency of each

vehicle is neasured by annual vehicle operating costs, where
the operating cost is determned by the gallon cost of gasoline
divided by the mles per gallon of fuel times average annua

vehicle ml es,

$
Operating cost = J%%%%%E-* ave. mles driven = y;;r.
galTon

The price of gasoline is determ ned by the household s regiona
| ocation and the fuel type reported for that vehicle. Vehicle
MPG is an estimate of actual in-use fuel efficiency based on an

adj ustnent al gorithm described in the appendix. Average

''lSeveral attempts were made to "cleanse" the mortality rate data of
nonvehicle-specific content using a t Wo- St age approach i n whi ch mortality was
modelled as a function of both vehicle-specific and either driver-specific
characteristics (from the FARS data) or owner-specific characteristics (from
RTECS). In the second stage, mortality values Wwere predicted from vehicle-
specific mortality coefficients generated in the first stage. This approach
proved unsuccessful at generating reascnable values for the predicted
mortality rate. Several factors may explain these poor results. The vehicle
characteristics used to explain mortality risk may have been underspecified
leading to biased coefficients then used to create predicted mortality values.
Secondly, vehicle fatality exposure models such as those described by Evans
(1984) rely upon vehicle weight as the principle determinant of mortality
risk. Generating predicted values based on vehicle weight may have reinforced
the multicollinearity among explanatory ~ariables when predicted values were
substituted into the hedonic price equation.
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vehicle mles are calculated from the subset of RTECS
respondents with valid responses to the mleage survey."

| f consuners behave rationally in their autonobile
hol dings, then the coefficient of operating cost should be
negative. Consider two identical vehicles which differ only in

their fuel econony. The price of the vehicle with greater fue

econony, |ower operating costs, wll be higher than the
conpar abl e car because buyers will bid up the price of the nore
efficient vehicle. Indeed, if the nmarket efficiently

capitalizes life cycle costs into vehicle prices, the increase
in price should exactly conpensate for the discounted val ue of
the fuel savings over the anticipated vehicle life. If the
price increase is less than that anount, then additional demand

should continue to bid up the price of the nore fuel efficient

vehi cl e. Simlarly, if vehicle price adjusts by nore than that
amount, the price will fall as demand for the other vehicle
rises. If there is inconplete capitalization, the price
adjustment will only partially offset the change in operating

expendi ture. Neverthel ess, as long as the capitalization rate
is greater than zero, the coefficient on operating cost should

be negati ve.

Fewer than 65 percent of RTECS respondents supplied valid mileage
values. Mileage estimates for the remaining households were imputed for RTECS
reporting using a multiple regression procedure. Comparing the reported
mileage values with the imputed mileage values shows that the imputation
consistently under estimated vehicle miles. No differences in demographic
characteristics between the reporting households and the imputed households
could be demonstrated by the author to account for the differences. The valid
mileage results were used to calculate the average mileage for new 1988 model
year vehicles and for pre-1988 vehicles in the household stock.
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In several previous hedonic studies of autonobil es,
unantici pated signs on fuel econony resulted (Goodman 1983,
Cow i ng and Cubbin 1972, Hogarty 1975). These and subsequent
authors (e.g. Atkinson and Hal vorsen 1984) have specul ated that
t he unexpected sign on fuel econony resulted from
multicollinearity anong autonobile attributes used as
expl anatory variables for vehicle price. In only one study,
Hogarty, are correlation coefficients anong the vehicle
attributes presented. The correlation coefficients between
fuel econony and confort, durability, engine speed,
maneuverability, and performance all fall in the range between
0.75 and 0. 88. Sorme ot her variables, such as confort,
durability, and engine speed share correlation coefficients of
0.97 to 0.99. G ven such a high degree of collinearity anong
vehicle attributes, nodel instability due to nulticollinearity
may very well be responsible for incorrect signs or
i nsignificant variables.

The potentially nost troubl esone remaining source of
multicollinearity in this data set is that between operating
cost and safety as neasured by personal injury clains, with a
correlation coefficient of -0.5."

To control for the effect of weight on operating cost in
estimating the effect of operating cost on price, a separate

variable interacting operating cost and weight is included in

BThe simple correlation between operating cost and weight equals 0.73
while that between the safety measure and weight is -0.71.
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the hedonic specification. Many different design factors

af fect the fuel econony performance of a vehicle.

Aerodynam cs, inclusion of fuel consum ng options, engine
design, and vehicle weight all play a part. The relationship
bet ween fuel econony and weight is a result of the fundanental

rel ati onship that additional mechanical energy is required to

overconme additional inertia, or weight. Hol ding all other
design and performance factors equal, a heavier car will be
| ess fuel efficient. But if weight could be held constant,

ot her design factors would explain variations in fuel econony.
To capture this connection, operating costs are included in the
nodel as a stand alone variable and as an interaction termwth
wei ght . The former should pick up variability in fuel econony
related to vehicle weight and other factors, while the latter

shoul d show the influence of variability in fuel econony across
cars not due to variations in weight.

Vehicl e Power/Accel eration: The power of each vehicle is

neasured by the horsepower to weight ratio. The horsepower to
wei ght ratio should npost accurately reflect vehicle

accel erati on because raw horsepower is adjusted for the anount
of wei ght which nust be overcone. Al ternative neasures of
power which have been used in prior studies, include zero to
sixty accel eration, horsepower, snd this ratio. A nmeasure of
vehicle acceleration would have been desirable as accel eration

is nost readily interpretable by consuners, but conprehensive



accel eration data were not avail abl e. An added advant age
associated with this neasure is that the ratio is uncorrel ated
with other explanatory variables.

Vehi cl e Maintenance/Reliabilitv: A vehicle reliability

nmeasure is drawn from Consuner Reports as explained in the

appendi x. The raw data collected for reliability provide an
ordinal measure of reliability rather than a cardi nal measure.
Therefore, reliability is incorporated in the regressions as a
dummy variable with a value of one for vehicles with a five
year average reliability rating of two and above and a val ue of
zero for a rating of less than two."

Cargo Capacity: Vehicle cargo capacity is included as a

neasure of vehicle size. Consuners may choose between specific
vehi cl es based on the conveni ence provided by cargo space.”

Expected Vehicle Life: Vehicle life is based on the age

at which 50 percent of vehicles for a particular nodel year are
expected to be scrapped (MVMA various years). This measure is
intended to represent a consumer's expectation upon purchase of

a vehicle of its useful life. Data for recent years indicate

“In some test regressions, a set cf dummy variables representing five
reliability gradations was used, but including the set of dummy variables 1in
the model along with dummy variables for wvehicle manufacturers clouded the
explanatory power of the model suggesting that reliability and vehicle
manufacturer are too closely linked for inclusion of both sets of variables.

Bgseveral variables were considered as measures of vehicle roominess/size
including shoulder room, vehicle width, vehicle length, cargo capacity, and
various indices incorporating several variables. Though cargo capacity is a
desirable attribute in and of itself, of the roominess variables considered.
it also proved to be the least correlated with vehicle weight, fuel economy,
and with other explanatory variables.
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that after thirteen years, fjifty percent of the vehicles of
each nmodel year are no longer on the road. Though data are not
avail able differentiating expected vehicle life by the
manuf acturer or vehicle type, a durability neasure based on the
retai ned resale value of each vehicle is included as a contro
to capture sone of the variability in expected vehicle life
wi thin each nodel year

Durabilitv: Vehicle durability is incorporated by a
proxy variable neasuring the proportion of the original sale
value of the vehicle retained as of the end of 1988. No true
nmeasure of vehicle durability which would vary from one vehicle
make/ nodel /year to another was available. ther proxies such
as the manufacturer of a vehicle vary across manufacturers, but
do not allow for'variability across vehicle nake. In addition,
such vari ables neasure nore than just vehicle durability.
Though resale value retained is also an inperfect proxy for
durability, it is presuned that vehicles with high retained
resale values will have a longer iife than vehicles with a
| ower proportion of original value retained. Because the
rel ati onship between durability and retained resale value nmay
not be stable over tine, in sone regressions, this nmeasure was
interacted with the vehicle nodel year to allow the coefficient

values to vary from year to year
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2. The optimal Transformation

One issue which has been raised by many authors since
Court first used hedonic analysis for autonpbiles is the
appropriate functional form or transformation. There are no
t heoreti cal underpinnings pointing to any particular form
Most researchers have relied on the enpirical data to reveal an
appropriate functional form A linear Box-Cox transformation
is used here to identify the optimal form of the model.!'®

Usi ng the Box-Cox transformation, the general hedonic

equation is witten as

P(auto)io = Zk ﬁkAik‘\ * ey
where k is an index over variables, i an index over
observations, and A and 8 are the transformati on coefficients

which are interpreted as foll ows,

P 8 — p(am:o)ie -1 8
(autoyi. = —g for 8 = 0, and

At -1
Ayt = 2k~ for A # 0.

“cropper, Deck, and McConnell (1988) tested a variety of transformations
to determine the best transformation method. They considered models which
were both fully specified and inaccurately specified. The transformation used
here follows their conclusion that when the model may be incompletely
specified, the linear Box-Cox minimizes potential errors in the parameter
estimates.
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If the transformation coefficients equal one, the nodel is
linear, but as the transformation coefficients approach zero,

the nodel takes a logarithmc form

- o - ; -
LimPayeors” = 10Playeo) i 1imA," = 1nAg,.

A grid search for the values of A and 6 over a range of
mnus two to plus two for all continuous right-hand-side
variables (discrete variables were not transforned) resulted in
ri ght-hand-side transformation paranmeters of from 0.44 to 0.50
dependi ng upon the particular regression specification. A
| eft-hand-side transformation paranmeter of zero, inplying a
logarithmc form was assunmed. The regression results in the
tables that follow show the coefficients for the transforned
vari abl es. Standard errors are calculated as recommended by
Greene (1993) using the Hessian matrix of second derivatives to
conpute the estinmated asynptotic covariance matri Xx.

Substituting for the life cycle variables, the

fornmulation can be witten nore conpletely as

-raL

0 _ 1 - e "

P(auto)i' Bo + BJ_[T
2

1 - e 1l

A
MORT. RISKil + B,
I,

A
INJURYJ

A A

1 - el
. By 1= ""CPERATING COST,

1

. p,|L- e ™ OP. Q0BT
4 I, VEEI GHT

+ Y, BeAt e

46



where as before, N is the right-hand side Box- Cox
transformati on paraneter and 6 is constrained to equal zero.

The subscript i refers to vehicle-specific information, and the
subscript j refers to autonobile owner-specific information

As di scussed above, two neasures of safety and two
nmeasures of fuel econony are included. The life cycle
variables are specified using two different expected tine
frames. The fatality variable is specified over the expected
remaining life of the vehicle owner. For vehicle safety (non-
fatal) and vehicle operating costs, the relevant tine frane is
over the life of the vehicle, not the life of the individual
A fatal accident ends an individual's life and any future life
years once and for all. An injury is by definition nonfatal
and the probability of an injury changes as an individua
exchanges between vehi cl es. Hence, the expected vehicle life
is adopted as the appropriate discounting tine frane.

This nodel specification facilitates distinct estimation
of the capitalization rate from the discount rate. The
regression coefficients are interpreted as the change in price
resulting from a one dollar change in discounted life cycle
operating costs or life cycle safety risk. Hence the
regression coefficients for the life cycle variables neasure
the rate at which changes in life cycle costs are incorporated
into price, i.e. the capitalization rate. The discount rate,

one conponent of the life cycle values, is distinctly estinmated.
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G _The Value of a Statistical Life Derived in the Life
Cycl e Franework

Though the foundation of the value of life literature is
in the | abor market, 'econom sts have exploited enpirical data
in other markets to generate value of life estimtes. The
mar ket for autonobiles offers a conparable nodel where the
price of a vehicle is conparable to the wage and the fatality
risk associated with the vehicle is conparable to the job risk.

The workpl ace enconpasses a bundle of different
anenities, including safety. The estimated contribution of
each anenity to the wage differential is determ ned by
estimati ng the hedonic wage |ocus just as the contribution of
each attribute in the autonobile bundle can be determ ned from
t he hedonic price |ocus. The estimated regression coefficients
represent the marginal contribution of each independent
variable to the wage. This is the conpensation that a margi na
enployee is willing to pay (receive) to avoid (accept) an
addi tional increnment of anmenity i, the marginal price of the
amenity.

Thi s hedonic wage nodel is the foundation of the val ue of
life literature. By comparing the incremental nortality risk
of different jobs in a hedonic framework, the equilibrium
valuation for the increnmental risk can be determ ned as the
partial derivative of the wage with respect to the increnenta

nortality risk. This unit risk neasure can then give rise to
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an equilibrium valuation of a statistical life, which is rather
| oosely ternmed "the value of life."

Usi ng autonobile data, Atkinson and Hal vorsen (1990)
perfornmed just this sort of analysis with a sanple of 112 new
vehicles from the 1978 nodel vyear. They cal cul ated the capita
cost of the vehicle as the purchase price tines the sum of the
real rate of interest, the rate of depreciation, the cost of
insurance, and the effective property tax rate on autonobiles.

Their nodel is estimated with a doubl e-logarithmc,
sal es-wei ghted regression of vehicle capital cost on
acceleration, a size variable, a neasure of front seat confort,
and a neasure of fatal accident rating for each nodel derived
from the Fatal Accident Reporting System data base. In
addition to these vehicle characteristics, Atkinson and
Hal vorsen include several variables to correct for endogeneity
of the risk variable based on driver characteristics of those
involved in fatal accidents reported by FARS. They control for
the driver contribution to the risk neasure by including the
proportion of fatal accidents for each nodel that involved
al cohol, nale drivers, and drivers below the age of twenty-
five.

Their estimted nodel shows that a one percent increase
in the nunber of fatal accidents per thousand vehicles sold
|l owered the capital cost of the vehicle by 0.15 percent. \Wen

translated into the standard value of life nmetric, the inplicit
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value for the sanmple as a whole is $3.4 mllion in 1986
dol | ars. The inplicit value of life varies inversely with the
safety rating of each vehicle. For the vehicles in the safest
quartile, the inplicit value of life is $6.6 mllion, while for
the highest risk quartile, the inplicit value of life is $0.77
mllion.

Using a related approach, the quantity-adjusted val ue of
a statistical Iife can be estimated fromthe life cycle node
presented above. These estimates are simlar to those of
At ki nson and Hal vorsen in the incorporation of, fatality data
drawn from the FARS data set in an hedonic context, but this
nodel expands on their approach by using actual vehicle
hol di ngs of the general public, relying on a nore fully
specified nodel - -including a neasure of nonfatal as well as
fatal risks--and by using the life cycle approach which Viscusi
and Moore introduced in their |abor market studies. Atkinson
and Hal vorsen included fuel econony in their estinmates of
vehicle capital cost. This procedure elimnated fuel econony
from their attribute set, deenphasizing inplicit tradeoffs
bet ween risk and fuel econony. In the vehicle holdings from
the RTECS data set, fuel econony is negatively correlated with
vehicl e safety. Under speci fication from excluding fuel econony
may have biased Atkinson and Hal vorsen's coefficient estimates.

The nost significant extension of this nodel is that it

is based in a life cycle framework. This approach recognizes
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that the adverse outcone of a fatal autonobile accident is not
simply death, but the lost life years of the individual. In a
sense, death is a differentiated commodity, differing across
i ndi vidual s based upon the nunber of life years |ost. Younger
i ndividuals suffer greater potential lost life years in the
event of a fatal accident than ol der individuals, and they may
have substantially different valuations for a |ost year.
Anot her aspect of this nodel is that the |life cycle approach
allows for discounting of future life years.

Recall that the life cycle hedonic nodel can be specified

as foll ows,
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The first term on the right-hand-side of the equation,

-ryl
L1- e ""MORTALITY RISK, = EXPECTED LCST LIFE YEARS,,,

2

the expected lost |ife years of person j when owning vehicle i,
is anal ogous to what More and Viscusi (1988) called the
guantity-adjusted life years for the individual. It is
conposed of two parts, the discounted nunber of |ife years

remai ning for that individual based upon the individual's race,
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age, and gender, and the death risk of the individual's
aut onobil e hol ding, yielding the expected nunber of l|ife years
| ost for the individual based upon their persona
characteristics and their vehicle hol ding.

The statistical value of life estimated in this life
cycle context is calculated by taking the partial derivative of

vehicle price with respect to the nortality rate,

JPRICE

- dELYL
=B, ELYL*"1 « PRICE,
OMORTALITY RATE B,

'OMORTALITY RATE *

where ELYL stands for the expected |ost years of life and the

final multiplication by price is necessary because the node

was estimated on the natural |og of price. Enpirical estimates
of the value of a statistical life are presented in the next
section.
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